Objective: Although boys are frequently reported to have flatter feet than girls, there has been little systematic research to confirm or explain this structural difference between the genders. The objective of this study was to determine whether flat-footedness was moderated by gender in Australian preschool children and, if so, to determine the cause of this between-gender difference in structure of the plantar surface of the foot. Methods: Foot anthropometry, Arch Index derived from plantar footprints, and midfoot plantar fat pad thickness measured by ultrasound were obtained for the left and right feet of 52 girls and 36 boys (mean age, 4.2 T 0.6 years). The children were recruited from 10 randomly selected preschools from the Illawarra region of New South Wales, Australia. Results: In agreement with previous research, the preschool boys displayed significantly flatter feet than the girls (P e 0.04). Although there were no between-gender differences in structural foot dimensions, the boys had a significantly thicker midfoot fat pad than the girls by approximately 0.4 and 0.5 mm on both the right and left feet, respectively. Conclusions: The increased incidence of flat-footedness in boys compared with girls of the same age seems to be caused by a thicker plantar fat pad in the medial midfoot in boys. This suggests that the development of the medial longitudinal arch may be progressing at a slower rate in boys than in girls, and that intervention for a flexible flat foot, particularly for young boys, may be unnecessary.
T he structure and shape of a child_s foot at birth is predominantly governed by soft tissue. 1Y3 However, pediatric foot shape undergoes rapid transformation as cartilage develops into bone. In fact, the feet of infants grow most rapidly in the first 3 years of life, 4 continually changing until they attain characteristic features of adult feet approximately 5 to 6 years of age. 1, 2, 5 During this developmental process, flat feet are common, with plantar arch development predominantly occurring between the ages of 2 and 6 years in children. 4 Although flat feet are common among infants, their appearance often raises concern in parents, leading them to seek professional advice and treatment for their children. 3 Morley 6 reported that 97% of infants aged between 12 and 18 months displayed flat footprints. Additionally, in a study of 125 toddlers (aged 11Y14 months), all children displayed a pes planus foot type, as defined by the absence of longitudinal arch fringes, when viewed by pedotopography pictures. 7 Echarri and Forriol 8 identified age as the primary predictive factor of flat feet in 1851 Congolese children aged 3 to 12 years. At the age of 3 to 4 years, they found that most children had morphological flat feet, although this decreased as age increased in both genders.
There are many perceived causes of flat feet, including the shoe-wearing habits of children 8 and the existence of a fat pad under the medial longitudinal arch. 1, 6, 9, 10 It is postulated that this midfoot plantar fat pad starts resorption after the onset of independent walking, 1,2,11 being resolved approximately the age of 5 years, 9 once the child_s foot has established a mature longitudinal arch structure. However, no study has investigated exactly when this fat pad is resolved in children.
Although characteristics of the heel and metatarsal heel fat pads are well documented, very little is known regarding the properties of the medial midfoot fat pad located underneath the longitudinal arch of the foot. It is known that the longitudinal arch fat pad provides a crucial role in protecting the pediatric foot from overloading until the immature skeletal structures have adapted to the forces endured during stance and gait. 12, 13 That is, the midfoot fat pad is thought to evenly dissipate the forces across the child_s foot until a more distinct foot architecture has developed. 1 With increasing age, the relative load underneath the midfoot decreases, and the load underneath the third to fifth metatarsals increases. 1 This may coincide with ossification of the navicular tarsal, which occurs when children are approximately 5 years of age.
7 Despite serving such a critical role in a child_s developing foot, characteristics of the medial midfoot fat pad such as its thickness have only been reported once, and this was in relation to changes in midfoot fat pad thickness associated with increased adiposity in preschool children. 14 In a study of footprints recorded for 5866 Greek children aged from 6 to 17 years, boys displayed higher rates of lowarch feet compared with girls of the same age. 15 Similarly, in a study of 835 children aged between 3 and 6 years, boys (52%) had a greater tendency for flat feet than girls (36%). from a Bflatter[ foot to normal arch type may be occurring earlier in girls than in their male counterparts. However, it is unknown whether this is due to the fat pad remaining underneath the medial longitudinal arch in boys for a longer period than in girls or whether there are other structural characteristics of boys_ feet that are creating a flatter appearance, such as a collapse of the medial longitudinal arch. Given the controversy around whether it is necessary to treat a flexible flat foot or not in children, 3 the purpose of this study was to quantify structural characteristics of the medial longitudinal arch in preschool children and to determine whether arch height or midfoot fat pad thickness was moderated by gender.
METHODS
Fifty-two girls (age, 4.2 T 0.6 years; height, 1.0 T 0.1 m; mass, 18.1 T 2.9 kg) and 36 boys (age, 4.3 T 0.6 years; height, 1.1 T 0.1 m; mass, 18.5 T 2.8 kg) between the ages of 3 and 5 years whose parents gave written consent were recruited from 10 randomly selected preschools in the Illawarra region of New South Wales, Australia. All recruiting and testing procedures were approved by the University of Wollongong Human Research Ethics Committee.
The external dimensions of each child_s feet were measured using the protocols described by Parham et al 16 and Mickle et al.
14 Following these protocols, measurements were taken of the foot, instep, and ball-of-foot lengths; instep and ball-of-foot circumferences; heel and ball-of-foot widths; and dorsal arch, plantar arch, and ball-of-foot heights to the nearest 0.1 cm.
Footprints were recorded for each child_s right and left foot using a pedograph (Suavepie, Capital Federal, Argentina) following procedures that have been reported previously. 14 Two footprints of both the right and left feet were taken to obtain a permanent image of the plantar surface of the foot in contact with the ground during weight bearing. To characterize the degree of flat-footedness, each child_s arch height was estimated from the footprints using the Arch Index. 17 To calculate Arch Index, the footprints were initially scanned using ArcSoft Photo Studio 5 (Freemont, Calif ) software and digitized using SigmaScan 3.0 (Jandel Scientific, San Rafael, Calif ). The length of the footprint (excluding the toes) was then divided into 3 equal parts (rearfoot, midfoot, and forefoot), whereby Arch Index was calculated by dividing the area of the midfoot by the area of the whole foot (excluding the toes). Arch Index was selected to characterize the flatness of each child_s feet because it has been found to be reliable and has a moderate to high relationship with the vertical height of the medial longitudinal arch in children, quantified by directly measuring the height of the navicular tuberosity. 18 A portable SonoSite 180PLUS (Bothell, Wash) ultrasound system with a 38-mm broadband linear array transducer (10-5 MHz; maximum depth, 7 cm) was used to measure the thickness of the plantar fat pad (in millimeters) in the midfoot region of each child_s right and left foot. NonYweight-bearing ultrasound images of the medial midfoot plantar fat pad were collected with each child sitting on a chair with their test limb extended and their foot resting in a relaxed position on the lap of the primary investigator (K.J.M.), who performed all ultrasound examinations. Using a reliable method at a standardized anatomical site, 14, 19 a clear image of the fat pad was attained, and the thickness of the fat pad was measured using digital callipers (accuracy, 0.01 cm). Three images were collected on both the right and left foot of each child, and the mean value for each foot was calculated to represent the left and right midfoot plantar fat pad thickness. Intraclass correlation coefficients ranging from R = 0.85 to 0.96 were calculated based on 6 preschool children unrelated to the present sample.
Data
RESULTS
The mean dimensions of the children_s feet, grouped by gender, are presented in the Table 1 . When the foot anthropometrics obtained for the boys and girls were compared, it was revealed that the boys had significantly larger dimensions of foot length, ball-of-foot length, instep circumference, and ball-of-foot circumference (Table 1) . There was also a nonsignificant tendency for the boys to have larger dimensions for foot and heel breadths and instep length. However, when the data were normalized to foot length, to account for the boys having a significantly longer foot than the girls (Table 1) , there were no significant differences in any of the foot dimensions between the boys and the girls.
Because of a lack of normality, Arch Index values calculated for the boys and girls were compared using a Mann-Whitney test, which revealed that the boys had a significantly higher Arch Index than the girls (Table 1 ). In addition, in the Table 1 , the midfoot plantar fat pad thickness values (in centimeters) for the feet of the 86 children grouped by gender are displayed. An independent t test revealed that the boys had a significantly thicker midfoot fat pad than the girls.
DISCUSSION
No previous study was located in the published literature that reported detailed foot anthropometry data for children as young as the subjects assessed in the present study. However, the mean foot lengths reported for the boys (16.2 cm) and girls (15.6 cm) in this study are very similar to the mean foot lengths for 4-year-old boys (16.25 cm) and girls (16.09 cm) as reported by Lamm et al. 20 In another study that measured the foot length and breadth in 3.5-to 4.5-year-old children, 21 the mean foot length and breadth were reported as 16.1 T 1.0 and 6.4 T 0.4 cm, respectively, for the girls and 16.1 T 0.9 and 6.5 T 0.4 cm, respectively, for the boys. These measurements, particularly foot breath, are very similar to those displayed in the Table 1 . The boys in the present study displayed significantly longer feet and larger girths around the ball-of-foot and instep regions than the girls, although after normalizing for foot length, these between-gender differences were no longer evident. Furthermore, there was no difference in arch height parameters between the 2 genders.
The overall Arch Index values calculated for the children_s feet ranged from 0.01 to 0.36, values very similar to the 0.01 to 0.40 Arch Index values reported by Gilmour and Burns 18 for children aged 5.5 to 10.9 years. The boys in the present study displayed significantly higher Arch Index values than the girls, which indicated that the boys had more plantar surface of the midfoot in contact with the ground. This agrees with the findings of Stavlas et al 15 and Pfeiffer et al, 3 who reported that boys had a higher incidence of flat feet than girls of the same age. As stated previously, there were no differences in any of the foot dimensions between the boys and the girls when the dimensions were normalized to foot length, and there was no significant difference in either the plantar or dorsal arch height between the 2 genders. Therefore, because the boys displayed a significantly thicker medial midfoot fat pad than the girls, with no accompanying between-gender difference in arch height dimensions, the cause of the flatter appearance of boys_ feet is likely to be due to the boys having a significantly thicker midfoot fat pad than the girls, rather than any structural deficit. This finding supports the recommendation by other authors that a flexible flat foot in children does not need therapy. 3, 9 The fat pad data presented in the Table 1 indicate that the midfoot plantar fat pad of young children is thinner than the plantar fat pads located under both the heel (15.0 T 2.6 mm) 22 and the metatarsal heads (5.25 mm) 23 of adults. Robbins et al 23 measured the thickness of adipose tissue on cadavers (aged 25Y50 years) at the heel, first metatarsophalangeal joint, and the distal first phalange. The mean adipose thicknesses were found to be 13.8, 5.3, and 7.3 mm, respectively, at the 3 locations, with thicker fat pads found at places of high loading. The thinner fat pad at the midfoot is likely to reflect the smaller forces generated in this region of the foot compared with those experienced at the heel and forefoot in adults. There was only 1 study found that measured midfoot fat pad thickness, with this study reporting very similar measurements (mean, 3.9 mm T 0.6) in 14 infants (age, 3.8 T 0.6 years) 19 to those recorded in the Table 1 .
The specialized fat pads on the plantar surface of the foot, particularly those in the heel, arch, and metatarsal head regions, are designed to protect the underlying bones of the foot against ground reaction forces, which are generated with each step taken during walking and other activities of daily living. The plantar fat pads are assumed to be responsible for dissipating some of the mechanical energy associated with each foot contact, 24 thereby providing shock absorption for the whole body. 25, 26 In fact, the thicknesses of the soft tissue underneath the calcaneus and first metatarsal head have been found to be dominant factors in the prediction of peak pressures underneath the heel and forefoot regions of the foot, respectively. 27 Denoth 25 reported a wide range of heel pad stressY deformation values (4Y10 mm) for adult samples, suggesting that the human heel pad was subject dependent. However, it is unknown whether factors such as age and gender may influence fat pad thickness. Furthermore, Nass et al 22 reported that the thickness of the heel fat pad in adults was influenced by body mass index. Conversely, Mickle et al 14 did not find any influence of overweight or obesity on the midfoot fat pad thickness.
Despite the boys and girls being closely matched for overall age, height, and mass, the boys displayed, on average, a significantly thicker midfoot fat pad compared with the girls. This between-gender difference in fat pad thickness suggests that the feet may develop at a slower rate in boys than in girls. Contrary to the belief that the midfoot fat pad resolves at approximately the age of 5 years in young children, 9 the fat pad was still present in all 12 children older than 5 years in this study. However, further research is recommended to determine whether, or at what age, this midfoot pad does completely resolve in the developing foot. It is unknown, however, whether the gender difference in the midfoot plantar fat thickness found in the present study is also evident in the heel or metatarsal plantar fat pads. Therefore, further research is recommended to investigate gender differences in plantar fat pad thickness because these fat pads play a vital role in attenuating the forces transmitted to the lower leg, pelvis, spine, and skull.
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CONCLUSIONS
This study confirms the notion that boys have flatter feet than girls of the same age. The flatter feet characteristic of boys seems to be caused by a thicker medial midfoot plantar fat pad, rather than any structural change to the medial longitudinal arch. This suggests that the development of a mature arch shape and thinning out of the midfoot fat pad occurs at an earlier age in girls relative to boys. Given that this flatter foot seems to be caused by a thicker fat pad, rather than a structural lowering of the arch, intervention for a flexible flat foot in young boys does not seem warranted.
